I. INTRODUCTION
Bubble rising phenomena is related to separation and mixing of minerals, chemical and biochemical. The dynamics of a rising bubble plays a significant role in gas-liquid system which contributes to the efficiency of particle capturing in separation devices [1] - [3] . Therefore understanding the dynamics of a rising bubble is the fundamental of particle separation process.
Bubble rising dynamics and characterization were studied experimentally [4] , [5] . However insufficient knowledge of fluid dynamics has rendered researchers into discovering the crucial of the dynamics of the flow past a sphere through computational fluid dynamics (CFD) software [1] , [4] , [6] - [8] .
CFD shows great predictive capabilities to determine the dynamic behaviour around bubble surface [9] , [10] . Apart from that CFD can provide data which is not obtainable from traditional experimental methods. Because of the dramatic increase in computing power over the last few decades, the usage of CFD for designing and optimizing unit operations has increased immensely. The outcome of this research will serve as a proof to determine the suitability of CFD packages on the dynamics of rising bubble through the pure water 
study.
The CFD results largely depend on the computational domain and modeling [11] . In this study, Hallimond Tube (HT) is used as the flotation device since it is a well accepted method for testing of flotability [12] . A static spherical solid is used instead of rising bubble, therefore velocity of 0.25 m/s is used as water flow velocity in order to match the phenomena of bubble rising in Hallimond Tube. Location of spherical solid was kept fixed at (0,0) and the radius of spherical solid used is 0.00575 m and is kept constant for all test cases.
It is reported in the literature that bigger bubbles experience shape alteration [2] , [3] and zigzag motion [1] , [4] , [3] and resulting in complications to the study. Therefore, a small rigid sphere is considered to counter with these problems.
Since, the primary aim of this study is dynamics around a single rising bubble, therefore this study is not an attempt to consider multiphase interactions of bubble and particle in the gas-liquid system. The main objective here is to determine the accuracy of the simulated data and therefore, Star-CCM+ V6.04 ® and Fluent V13.0 ® CFD software were used for comparison between the simulated data obtained.
II. MODEL DESCRIPTIONS AND TEST CASES
For the computation, the general-purpose thermal fluid analysis Star-CCM+ ® V6.04 and FLUENT ® V13.0 constituting Laminar model was used. Fig. 1 shows the computational grid on the location of sphere and the layout of the analysis domain in axisymmetric 2-Dimensional. Quadral mesh was used for the surface meshing and validated by numerical simulation data [13] . By applying this surface mesh, a fluid flow past a rigid sphere had been simulated and grid-independent results were obtained. In this section, problem description, boundary conditions, computational grid and test cases are described. The continuity equation for 2D axisymmetric geometries [9] can be represented as
The axial and radial momentum conservation equations are given by
and
where
The problem stated in this work involves fluid flow past a sphere whose diameter (D) is 0.0115 m. The Reynolds number is fixed at Re=100, based on the fluid velocity and sphere diameter. In this study, the fluid velocity of 0.001 m/s was considered to match the Reynolds (Re) number of literature paper [13] and a rigid spherical solid was considered as bubble and was located at (0,0). The solution domain is bounded by the inlet, the outlet, the sphere wall, and the cylinder wall as shown in Fig. 2 . The boundary conditions for the analysis are shown in Table I . The direction magnitude of bubble rising simulation is shown in Fig. 3 .
Input Condition

Inflow
The grids were generated in GAMBIT and were solved in the Star-CCM+® V6.04 and FLUENT® V13.0. The coarse grid consists of 9,620 nodes, 9,270 cells and 18,889 faces were used. It is important that the grids of the domain need to be properly refined in order to predict the dynamics around the study object accurately, especially around the study object.
The standard SIMPLE algorithm and the first order implicit formulation were used. The computational effort required to achieve the desired level of accuracy were significantly reduced using the solution-adaptive refinement technique implement in both of the software. Convergence was obtained when the maximum scaled residuals were less than 10 -10 for both of the software. Fig. 4 shows the pressure coefficient, C P distributions by interactions of the bubble with the fluid flow in a Hallimond Tube (HT). In Fig. 4 , θ shows the angle measured from periphery of the sphere wall. Three cases were shown in Fig.  4 including validation paper data [13] , and computational data from Star-CCM+ and FLUENT commercial software. The pressure coefficient for fluid around a rigid sphere decreases with an increase in θ from 0° to 70°. Simulated results obtained using Star-CCM+ and FLUENT were in good agreement with the numerical simulation of Magnaudet et al. [13] . 
III. RESULTS AND DISCUSSION
IV. CONCLUSION
In this paper, the relationship between the pressure coefficient and the axial velocity distribution on a rising bubble was investigated by Star-CCM+ and FLUENT software. It was observed that the simulated results obtained using Star-CCM+ shows good agreement with FLUENT simulated results. 
NOMENCLATURE
